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DESCRIPTION 

I MAGE FORMING PROCESS AND IMAGE FORMING APPA RATUS 

5 TECHNICAL FIELD 

The present invention relates to an image 
forming process and an image forming apparatus 
using an ink- jet recording system, and particularly 
to an image forming process hard to be affected by 
10 the ink absorbing quantity of a recording medium 
used and an image forming apparatus used for 
realizing this process. 

BACKGROUND ART 

15 At present, the formation of an image using 

paper as a recording medium is mainly performed by 
offset printing. The offset printing is suitable 
for mass production because it can provide high- 
quality prints at high speed, and the production 

20 cost per sheet can be greatly reduced because of 

the mass production. The reason for it is that once 
a plate is fabricated by a plate-making step, a 
great number of reproductions can be made on the 
basis of this plate, and so the proportion of plate 

25 making cost required of individual prints can be 
lessened. Such offset printing has well matched 
with the needs of the market to date. 



When the provision of prints of various kinds 
and small lots has advanced with the 
diversification of information in recent years, 
however, a problem that the plate cost to the 
5 individual prints becomes high, and so the price is 
comparatively expensive has arisen. Further, a 
further importance has been given to the 
immediateness of information in recent years, and a 
demand for an earlier appointed date of delivery in 

10 market that "a person wants to immediately obtain a 
print" is increasing. Even in this demand, the 
reduction of the number of sheets printed does not 
lined up with the earlier appointed date of 
delivery under the circumstances because the 

15 current offset printing requires a long time for 
the so-called lead time from the preparation of a 
manuscript to plate making and preparation for 
printing (stabilization of printing machines), 
while the printing time that is an actual 

20 processing time is not so long due to the output 

rate of about 9,000 sheets per minute. In addition, 
since vast equipment investment is required, and 
operations of all steps requires great skill, the 
production base is limited, and it takes a long 

25 time from completion of the printing and delivery 
of a print to a customer. 

From such change in market demand, attention 
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has been paid to printing by an ink- jet recording 
system in recent years. The ink- jet recording 
system is such a system that an image pattern is 
recorded on a recording medium by non-contact 
5 without using any plate and is suitable for 

printing of small circulation because of the non- 
plate system. Due to the background of the age that 
the establishment of electronic (paperless) 
information has been advanced, and even image 

10 information has been able to be easily processed, 

the ink- jet recording system has become an expected 
information-recording system in cooperation with 
the fact that good prints can be immediately 
provided without need of highly expert knowledge or 

15 large -scaled equipment. 

By the way, as a recent trend, it has been 
required that high-quality images can be recorded 
by the ink- jet recording system irrespective of the 
kind of a recording medium. However, the ink- jet 

20 recording system is not a little affected by the 
ink absorbency of a recording medium used, and so 
it is difficult to record a high-quality image 
irrespective of the kind of the recording medium. 
In particular, it is hard to record a high-quality 

25 image on recording media (including non-absorbent 
recording media that do not absorb an ink at all) 
poor in ink-absorbing ability. When recording is 
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conducted on a recording medium poor in ink- 
absorbing ability, a phenomenon called bleeding 
that ink droplets which impacted adjacently mix 
with each other and/or a phenomenon called beading 
5 that an ink which impacted previously attracts an 
ink which impacted subsequently, to cause 
aggregation of the ink droplets , so that image 
quality is often deteriorated. 

In order to prevent such bleeding and beading, 

10 it is effective to lower the flowability of inks 

used on such a recording medium. In the case of the 
ink- jet recording system, however, only low- 
viscosity inks high in flowability can be ejected 
in order to satisfy the ejection stability of the 

15 inks. In other words, the ink- jet recording system 
is required to have conflicting properties that ink 
flowability upon ejection must be made high, while 
ink flowability on a recording medium must be 
lowered. 

20 In order to satisfy such conflicting 

requirements, there has been proposed such a system 
(image forming system using an intermediate 
transfer medium) that an ink image is formed on an 
intermediate transfer medium (hereinafter also 

25 referred to as "transfer medium" merely), and the 
ink image formed on the transfer medium is 
transferred to a desired recording medium to form 
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the ink image on the desired recording medium (see, 
for example, U.S. Patent Nos . 4,538,156 and 
5,099,256, and Japanese Patent Application Laid- 
Open No. 62-92849). In this system, an ink ejected 
5 from an ink- jet head is once caused to impact on 
the intermediate transfer medium to lower the 
f lowability of the ink to some extent , and an image 
formed by the ink, the f lowability of which has 
been lowered, is then transferred from the transfer 

10 medium to a recoding medium. 

In order to achieve high quality of the ink 
image on the recording medium after the transfer in 
the image forming system using such an intermediate 
transfer medium, it is important to obtain high 

15 quality of the ink image on the intermediate 

transfer medium before the transfer. For that 
purpose, it is required to make high the ability 
(the degree of retaining the ink on the impact 
position without moving the ink from this position) 

20 to hold the ink image on the intermediate transfer 
medium high. In the above -described reference 
documents, however, the ability to hold the ink 
image on the intermediate transfer medium is low, 
and so beading or bleeding occurs on the 

25 intermediate transfer medium like the above- 
described non-absorbent recording medium. It is 
accordingly an object to lower the ink f lowability 
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on the intermediate transfer medium. 

Various proposals have been made to solve such 
a problem involved in the transfer type ink- jet 
recording. For example, Japanese Patent Application 
5 Laid-Open No. 7-223312 has proposed a method in 

which an ink is ejected on an intermediate transfer 
medium as a hot -melt ink by heating an ink- jet head 
and an ink feed line, and the flowability of the 
ink is lowered by heat dissipation. 

10 Japanese Patent Application Laid-Open No. 5- 

330035 has proposed a method in which an 
intermediate transfer medium is heated to 
facilitate the evaporation of water in an ink 
applied to the intermediate transfer medium, 

15 thereby lowering the flowability of the ink on the 
intermediate transfer medium. 

Japanese Patent Registration No. 2916864 ( JPA 
6-240195) has proposed a method in which an 
intermediate transfer medium is coated with a 

20 liquid (reactive liquid) reactive to an ink, and 
droplets of the ink are caused to impact on this 
transfer medium to react the ink with the reactive 
liquid, thereby lowering the flowability of the ink 
on the intermediate transfer medium. 

25 However, the technique that the flowability of 

the ink on the intermediate transfer medium can be 
lowered to make high the ink image on the 
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intermediate transfer medium and also the ink image 
on the recording medium after the transfer has not 
been realized by any of the above-described 
documents. 

5 For example, in the case where the hot -melt 

ink is used like Japanese Patent Application Laid- 
Open No. 7-223312, one cannot but use an ink 
containing a binder in an extremely great amount to 
a coloring material for the purpose of developing 

10 the phase change property (solid-liquid phase 

change by heat) of the ink. Therefore, the amount 
of the ink to be applied comes to increase for the 
purpose of achieving a desired density. As a result, 
the thickness of the ink of an outputted image 

15 becomes great, thus leading to deterioration of 

image quality. In other words, this system cannot 
make high the quality of the ink image on the 
recording medium after the transfer because a sense 
of incompatibility occurs on the ink image on the 

20 recording medium after the transfer due to the 

great thickness of the ink applied. In addition, 
since the ink solid at ordinary temperature is used, 
the ink within an ink flow path must be heated and 
melted upon start-up, and so it takes time to 

25 output an image. Further, since there is need of 
retaining this state during operation, vast energy 
is required. 
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Beading or and bleeding cannot be prevented by 
simply heating the transfer medium like Japanese 
Patent Application Laid-Open No. 5-330035 because 
the beading or bleeding of inks occurs before the 
5 ink flowability is sufficiently lowered, since the 
beading or bleeding occurs in the moment at the 
impact of the inks . This system only achieves the 
effect of drying the ink image formed on the 
transfer medium. The ability to hold the ink image 
10 on the transfer medium is still low, and so the 
quality of the ink image on the transfer medium 
cannot be made high, and the quality of the ink 
image on the recording medium cannot also be made 
high . 

15 According to Japanese Patent Registration No. 

2916864 (JPA 6-240195), the flowability of the ink 
on the intermediate transfer medium can be lowered. 
However, the quality of the ink image on the 
intermediate transfer medium cannot be made high. 

20 More specifically, since the reactive liquid itself 
is liquid, the beading of the reactive liquid 
occurs on the intermediate transfer medium when the 
intermediate transfer medium is coated with such a 
reactive liquid. As a result, an ink is ejected in 

25 such a state that the beading of the reactive 

liquid has occurred, so that the ink cannot be held 
at a normal position to fail to make the quality of 



the ink image on the transfer image high. 
Incidentally, when an intermediate transfer medium 
having a surface excellent in ink absorbency is 
used, a high-quality ink image can be formed on the 
5 intermediate transfer medium. However, the ink 
image sticks to the intermediate transfer medium, 
so that the ink image cannot be successfully 
transferred to the recording medium, and moreover 
cleaning becomes difficult. 

10 As apparent from the above, to form a high- 

quality ink image on various recording media 
including recording media (for example, non- 
absorbent recording media) poor in ink-absorbing 
ability has not been yet realized without being 

15 affected by the ink absorbency of the recording 
media even by the methods using the intermediate 
transfer medium. The same applies to a system in 
which an ink is directly ejected on a recording 
medium without using any intermediate transfer 

20 medium. 

DESCLOSURE OF THE INVENTION 

It is therefore an object of the present 
invention to provide an image forming process, 
25 which permits recording of an image on a wide 

variety of recording media irrespective of the ink 
absorbency of a recording medium used without 
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sacrificing the high recording flexibility of an 
ink- jet recording system, and an image forming 
apparatus used for realizing this process. 

The above object can be achieved by the 
5 present invention described below. 

According to the present invention, there is 
thus provided an image forming process comprising 
the steps of: 

applying a first material for improving the 
10 wettability of the surface of an intermediate 

transfer medium to the intermediate transfer medium, 

applying a second material for lowering the 
flowability of an ink to the intermediate transfer 
medium to which the first material has been applied, 
15 applying the ink to the intermediate transfer 

medium, to which the first material and second 
material have been applied, from an ink- jet 
recording head to form an image of the ink on the 
intermediate transfer medium, and 
20 transferring the ink image formed to a 

recording medium. 

According to the present invention, there is 
also provided an image forming process for 
transferring an image of an ink formed on an 
25 intermediate transfer medium having a non-absorbent 
surface to a recording medium, thereby forming the 
ink image on the recording medium, which comprises 
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the steps of: 

applying a first material for enhancing the 
surface energy of the surface of the intermediate 
transfer medium to the intermediate transfer medium, 
5 applying a second material for aggregating a 

coloring material in the ink to the intermediate 
transfer medium to which the first material has 
been applied, 

applying the ink to the intermediate transfer 
10 medium, to which the first material and second 
material have been applied, from an ink- jet 
recording head to form the ink image on the 
intermediate transfer medium, and 

transferring the ink image formed to the 
15 recording medium. 

In the above-described processes, the surface 
of the intermediate transfer medium may preferably 
be of a material containing fluorine or silicone. 
The surface of the intermediate transfer medium may 

20 also have a rubber hardness ranging from 10 to 100°. 
The first material may preferably be a liquid 
containing a surfactant. The position to which the 
first material is applied may preferably be changed 
according to an image to be formed- The second 

25 material may preferably be a liquid containing a 
metal ion. The position to which the second 
material is applied may also preferably be changed 
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according to an image to be formed. The second 
material may preferably contain a surfactant. In 
the first mentioned process, at least one of the 
first material, second material and ink may 
5 preferably contain a crosslinking agent. The 
process may further comprise the step of 
facilitating the removal of a solvent contained in 
the ink image formed on the intermediate transfer 
medium. At least one of the first material and 

10 second material may preferably be applied by using 
a head of an ink- jet system. 

According to the present invention, there is 
further provided an image forming process 
comprising the steps of: 

15 applying a first liquid containing a 

surfactant to an intermediate transfer medium 
having a surface containing at least one material 
of a fluororubber and a silicone rubber, 

applying a second liquid for aggregating a 

20 coloring material in an ink to the intermediate 

transfer medium to which the first liquid has been 
applied, 

applying the ink to the intermediate transfer 
medium, to which the first liquid and second liquid 
2 5 have been applied, from an ink- jet recording head 
to form an image of the ink on the intermediate 
transfer medium, and 
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transferring the ink image formed to the 
recording medium. 

According to the present invention, there is 
still further provided an image forming apparatus 
5 for transferring an image of an ink formed on an 
intermediate transfer medium having a releasable 
surface to a recording medium, thereby forming the 
ink image on the recording medium, which comprises: 
a first applying means for applying a first 
10 liquid for improving the wettability of the surface 
of the intermediate transfer medium to the 
intermediate transfer medium, 

a second applying means for applying a second 
liquid for lowering the flowability of the ink to 
15 the intermediate transfer medium to which the first 
liquid has been applied, and 

an ink- jet recording head for applying the ink 
to the intermediate transfer medium, to which the 
first liquid and second liquid have been applied, 
20 on the basis of image data. 

According to the present invention, there is 
yet still further provided an image forming process 
comprising the steps of: 

applying a first liquid for improving the 
2 5 wettability of a recording medium to the recording 
medium, 

applying a second liquid for lowering the 
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flowability of an ink to the recording medium to 
which the first liquid has been applied, and 

applying the ink to the recording medium, to 
which the first liquid and second liquid have been 
5 applied, from an ink- jet recording head to form an 
image of the ink on the recording medium. 

According to the present invention, there is 
yet still further provided an image forming process 
for forming an image of an ink on a recording 
10 medium having a non- absorbent surface, which 
comprises the steps of: 

applying a first material for enhancing the 
surface energy of the surface of the recording 
medium to the recording medium, 
15 applying a second material for aggregating a 

coloring material in the ink to the recording 
medium to which the first material has been applied, 
and 

applying the ink to the recording medium, to 
20 which the first material and second material have 
been applied, from an ink- jet recording head to 
form the ink image on the recording medium. 

According to the present invention, image 
forming processes and image forming apparatus are 
2 5 provided which permit recording of an image on a 

wide variety of recording media including recording 
media (for example, non- absorbent recording media) 
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poor in ink absorbing ability irrespective of the 
ink absorbency of a recording medium used. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 FIGS. 1 and 2 typically illustrate conceptual 

image forming apparatus according to the first and 
second embodiments of the present invention, 
respectively. 

10 BEST MODE FOR CARRYING OUT THE INVENTION 

The present invention will hereinafter be 
described in more detail by the preferred 
embodiments of the present invention. 
[ First Embodiment ] 

15 The feature of the first embodiment of the 

present invention is first briefly described before 
this embodiment described in detail. The feature of 
the first embodiment resides in that a first 
material (wettability- improving component) for 

20 improving the wettability of the surface of an 
intermediate transfer medium is applied to the 
intermediate transfer medium before the application 
of a second material (image-fixing component) for 
lowering the flowability of an ink on the 

25 intermediate transfer medium for the purpose of 
permitting uniform application of the second 
material to the intermediate transfer medium or 
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holding of the second material applied to the 
intermediate transfer medium at a desired position. 
By applying this first material, the image-fixing 
component is prevented from being repelled on the 
5 intermediate transfer medium, and so the beading of 
the image-fixing component does not occur. 
Therefore, the image -fixing component can be 
uniformly applied to the intermediate transfer 
medium, and the image- fixing component applied to 

10 the intermediate transfer medium can be held at the 
desired position. As a result, an ink is applied to 
the intermediate transfer medium in such a state 
that the image-fixing component has been uniformly 
applied to the intermediate transfer medium or held 

15 at the desired position, so that the image-fixing 
component reacts with the ink at the desired 
position, and the ink can be held at the desired 
position on the intermediate transfer medium. The 
quality of an ink image on the intermediate 

20 transfer medium can be thereby made high. As a 

result, the quality of the ink image on a recording 
medium after transfer can be made high. 

On the other hand, if a reactive liquid 
(image-fixing component) reactive to an ink is 

25 directly applied to an intermediate transfer medium 
like Japanese Patent Registration No. 2916864 ( JPA 
6-240195) described above, in other words, the 
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image-fixing component is applied to the 
intermediate transfer medium to which no 
wettability- improving component has been applied, 
the image-fixing component is repelled on the 
5 surface of the intermediate transfer medium to 
cause the beading of the image-fixing component. 
Therefore, the image-fixing component cannot be 
uniformly applied to the intermediate transfer 
medium, or the image- fixing component applied to 

10 the intermediate transfer medium cannot be held at 
a desired position. As a result, an ink is applied 
to the intermediate transfer medium in such a state 
that the image-fixing component has been 
nonuniformly applied to the intermediate transfer 

15 medium or held at a position different from the 
desired position, so that the image-fixing 
component reacts with the ink at the position 
different from the desired position, and the ink is 
held at the position different from the desired 

20 position on the intermediate transfer medium. In 
other words, the ink cannot be held at the desired 
position on the intermediate transfer medium, 
whereby the quality of an ink image on the 
intermediate transfer medium is deteriorated. As a 

25 result, the quality of the ink image on a recording 
medium after transfer cannot be made high. 

As described above, it is important to hold 
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the image- fixing component for lowering the 
flowability of the ink on the intermediate transfer 
medium at the desired position on the intermediate 
transfer medium for the purpose of making the 
5 quality of the ink image on the transfer medium 
high, and it is thus important to apply the 
wettability- improving component before the 
application of the image-fixing component. 

The first embodiment of the present invention 

10 will then be described in detail. FIG. 1 
schematically illustrates an image forming 
apparatus according to the present invention used 
in realizing the image forming process according to 
the first embodiment. In FIG. 1, reference numeral 

15 1 is an intermediate transfer medium having a 

surface layer 2. The image forming apparatus has a 
coating device 4 for applying the image-fixing 
component, a coating device 3 for applying the 
wettability- improving component and an ink- jet 

20 recording apparatus 5 for forming an ink image by 
ejecting ink droplets from an ink- jet recording 
head around the intermediate transfer medium. The 
intermediate transfer medium 1 is rotated in the 
direction of the arrow in FIG. 1, and the 

25 wettability-improving component is first applied to 
the surface thereof by the coating device 3. 
Thereafter, the image-fixing component is applied 
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by the coating device 4. After these component are 
applied, ink droplets are ejected from the ink- jet 
recording apparatus 5 to form an image on the 
surface of the intermediate transfer medium 1. A 
5 recording surface of a recording medium 9 is then 
brought into contact with the surface of the 
intermediate transfer medium 1 by pressing the 
recording medium 9 against the transfer medium by a 
press roller 10, whereby an image is formed on the 

10 recording medium 9. In the apparatus illustrated in 
FIG. 1, a device 7 for facilitating the removal of 
water is arranged to remove water in the ink 
forming the image on the intermediate transfer 
medium 1, and the image is then transferred to the 

15 recording surface of the recording medium 9. In the 
apparatus illustrated in FIG. 1, the surface of the 
intermediate transfer medium 1 is cleaned by a 
cleaning device 12, whereby the intermediate 
transfer medium can be used repeatedly plural times . 

20 According to the image forming process of the 

first embodiment of the present invention using the 
image forming apparatus having the above-described 
construction, the kinds of usable recording media 
are scarcely limited, and a different image can be 

2 5 output ted with high quality on every recording 

medium. More specifically, since the fixing of an 
ink in the ordinary ink-jet recording system is 
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achieved by penetration of the ink into paper that 
is a recording medium, the condition of the image 
is changed by the quantity of the ink absorbed into 
the recording medium, or no image can be formed on 
5 non-absorbent medium. On the other hand, the offset 
printing machine is intended to provide a great 
number of the same prints, and cannot output a 
different image on every recording medium. In the 
present invention, however, the image forming 
10 process solving these drawbacks at the same time is 
provided. 

The process constituting the image forming 
process according to the first embodiment of the 
present invention may be divided into the following 
15 four steps. Members or devices (apparatus) used for 
practicing these steps will hereinafter be 
described in detail . 

1. Step (a): step of applying the wettability- 
improving component to the intermediate 

20 transfer medium 

As the form of the intermediate transfer 
medium used in this step, may be used a form of a 
roller, belt, sheet (for continuous treatment), pad 
(for batch treatment) or the like. In the 

25 embodiment illustrated in FIG. 1, an intermediate 
transfer medium in the form of a drum made from a 
light metal such as an aluminum alloy is selected 
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from requirements such as stiffness necessary for 
withstanding pressure during transfer, dimensional 
accuracy and reduction of rotational inertia. 
The surface layer 2 may have some ink 
5 permeability (ink absorbency) when the intermediate 
transfer medium is not used repeatedly. However, a 
non-permeable ( non- absorbent ) material is used when 
the intermediate transfer medium is used repeatedly. 
Even when the material is permeable, it can be used 
10 repeatedly so far as it is a material that can be 
cleaned by cleaning. However, the permeable 
material is not said to be preferable even from the 
viewpoints of use efficiency of the material, image 
quality and cleanability of the intermediate 
15 transfer medium because it is poor in ink transfer 
rate, and so a greater amount of an ink must be 
applied to the intermediate transfer medium. The 
material of the surface layer on the intermediate 
transfer medium is preferably a non-permeable (non- 
20 absorbent) material, more preferably a releasable 
material from the viewpoints of transfer rate and 
cleanability. The term "releasability" as used 
herein means property that an ink and materials 
such as the image-fixing component and wettability- 
2 5 improving component are hard to adhere to the 

surface to be releasable later on. The higher the 
releasability , advantage is given from the 
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viewpoints of load in cleaning and the transfer 
rate of the ink. On the contrary, the critical 
surface tension of the material becomes low, a 
liquid such as the ink is easy to be repelled even 
5 if it is applied, and it is difficult to hold an 

image of the ink. With respect to the standard as a 
suitable releasable material in the present 
invention, the critical surface tension is 30 mN/m 

or lower, or the contact angle with water is 75° or 

10 greater. 

More specifically, the surface layer 2 may be 
formed on the surface of the intermediate transfer 
medium 1 by a surface treatment such as processing 
with Teflon or application of silicone oil. Taking 

15 follow-up property to the recording medium into 

consideration, however, it is preferably composed 
of an elastic material. Preferable effects are 
brought about by a rubber hardness (as measured by 
a rubber hardness meter in accordance with JIS K 

20 6253) ranging from 10 to 100°. When the hardness is 
40 to 80° , such a surface layer can cope with almost 
all recording paper sheets. More specifically, NBR, 
urethane rubber, chloroprene rubber and surface 
treated products thereof, and f luororubber , 

25 silicone rubber and f lorosilicone rubber that the 
materials themselves have ink-repelling property 
may be suitably used. The surface form of the 
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surface layer 2 is not limited. The form thereof 
may be selected taking the surface form of a 
recording medium used and the effect of printing 
into consideration. For example, when an image such 
5 as an offset print is desired, a smooth surface 
form may preferably be selected for a smooth 
recording medium. On the contrary, when a form high 
in roughness or a surface such as a gravure cell is 
used for a smooth recording medium, an effect of 

10 printing according to uses can also be achieved. In 
the following description, "the surface of the 
intermediate transfer medium" means "the surface of 
the surface layer on the intermediate transfer 
medium" unless expressly noted. 

15 In Step (a), the wettability- improving 

component is applied to such an intermediate 
transfer medium 1 as described above by using the 
coating device 3 (see FIG. 1). The wettability- 
improving component means a material for improving 

20 the wettability of the surface of the intermediate 
transfer medium, and a liquid containing a 
surfactant is suitably used. The component plays a 
role of enhancing the surf ace energy of the surface 
of the intermediate transfer medium to make the 

25 image-fixing component subsequently applied hard to 
be repelled. 

The reason why the wettability- improving 



component is applied is to uniformly apply the 
image-fixing component to the intermediate transfer 
medium or to permit holding of the image-fixing 
component at a desired position on the intermediate 
5 transfer medium as described above. When this step 
is not conducted, the image-fixing component causes 
beading on the intermediate transfer medium, and a 
state in which the image-fixing component is 
nonuniformly applied, or a state in which the 

10 component is present at a position different from 
the desired position is created. When an ink is 
applied in such a state to form an image, no image 
having high quality can be provided. It is 
considered that the step of applying the 

15 wettability- improving component is not conducted, 
but an image-fixing component, to which the 
wettability- improving component has been added, is 
applied. In this case, however, the amount of the 
wettability- improving component added is increased, 

20 so that not only image quality and drying 
characteristic, but also water fastness is 
adversely affected. In order to control the amount 
of the wettability- improving component applied to 
the minimum and achieve the desired effect to the 

25 maximum, it is more preferable to align and orient 
the surfactant on the surface of the intermediate 
transfer medium by applying the wettability- 
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improving component singly and then apply the 
image - f ixing component . 

As the wettability- improving component, may be 
preferably used a surfactant. No particular 
5 limitation is imposed on the surfactant used. The 
surfactant may be selected according to the surface 
layer used from among, for example, general 
cationic surfactants, anionic surfactants, nonionic 
surfactants, amphoteric surfactants, fluorocarbon 

10 type surfactants and silicone type surfactants. 
Among these, fluorocarbon type or silicone type 
surfactants are preferable materials high in effect. 
The amount of the wettability- improving component 
applied is freely selected so far as it can be 

15 uniformly applied. However, the amount applied is 
preferably as little as possible from the 
viewpoints of image stability and drying 
characteristic. It is also possible to limit an 
area (position) to be applied. For example, the 

20 wettability- improving component may be applied only 
to an image-forming area (position to which the 
image -fixing component and ink are applied), 
thereby improving use efficiency of the material 
and drying characteristic. An applying means is not 

25 limited, and any conventionally known techniques 

may be used. Specific examples thereof include roll 
coater, spray coater and slit coater. When the 
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position of the wettability- improving component to 
be applied is changed according to an image to be 
formed, an ink- jet head is a preferable applicator. 
As the surfactant applied, may be used a surfactant 
5 that is not liquid. The wettability-improving 

component may be applied by bringing, for example, 
a solid or waxy surfactant into contact with the 
surface of the intermediate transfer medium or 
sliding it on the surface. 

10 2. Step (b) : Step of applying the image-fixing 

component to the intermediate transfer medium 
In Step (b), the image-fixing component is 
applied to the intermediate transfer medium, to 
which the wettability-improving component has been 

15 applied, by means of the coating device 4. The term 
"fixing of the image" as used herein means not only 
(1) the case where the viscosity of the ink is made 
high and (2) the case where a coloring material, a 
resin or the like that is a part of a composition 

20 making the ink is chemically reacted or physically 
absorbed to cause decrease in the flowability of 
the whole ink, but also the case where the local 
decrease in the flowability of the ink is caused by 
aggregation of the solid of the composition of the 

25 ink. In other words, the image-fixing component is 
a material for lowering the flowability of the ink 
on the intermediate transfer medium. In particular. 
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a liquid for aggregating the coloring material in 
the ink is preferably used. 

The reason why the image-fixing component is 
applied is to lower the flowability of the ink on 
5 the intermediate transfer medium so as to make it 
possible to successfully hold the ink image on the 
intermediate transfer medium as described above. In 
other words, since the surface of the intermediate 
transfer medium, to which the wettability- improving 

10 component has been applied, is in such a state that 
an ink is easier to flow, the ink flows unless the 
image-fixing component is applied, and defects such 
as bleeding and beading are caused. The image 
forming apparatus is therefore so constructed that 

15 the image-fixing component is applied before the 

application of the image-fixing component, and the 
ink is caused to impact on the image-fixing 
component. By this apparatus, the ink reacts with 
the image-fixing component at a position where the 

20 ink has impacted, so that the ink can be held at 
the position where the ink has impacted. 

It is necessary to suitably select the image- 
fixing component used in Step (b) according to the 
kind of the ink used in the formation of an image. 

25 For example, it is effective to use a high- 
molecular coagulant for a dye ink, but it is 
effective to use a metal ion for a pigment ink in 
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which fine particles are dispersed. Further, when a 
metal ion is used in combination as the image- 
fixing component for the dye ink, it is preferable 
to mix a pigment of the same hue as the dye or fine 
5 particles of a white color or transparent color 
scarcely affecting the hue into the ink. 

In the present invention, examples of the 
high-molecular coagulant used as the image-fixing 
component include cationic high-molecular 

10 coagulants, anionic high-molecular coagulants, 

nonionic high-molecular coagulants and amphoteric 
high-molecular coagulants. Examples of the metal 
ion include divalent metal ions such as Ca 2+ , Cu 2+ , 
Ni 2+ , Mg 2+ and Zn 2+ , and trivalent metal ions such as 

15 Fe 3+ and Al 3+ . When these metal ions are applied, it 
is desirable to apply them in the form of an 
aqueous solution of a metal salt. Examples of an 
anion for the metal salt include CI", N0 3 ", S0 4 ", I", 
Br", C10 3 ~ and RCOO" (R is an alkyl group). Further, 

20 a material having a nature opposite to that of the 
ink used may also be used as the image-fixing 
component. For example, when the ink is anionic or 
alkaline, a cationic or acid material having a 
nature opposite to the ink may become an image- 

25 fixing component. 

In order to increase the affinity for the 
layer of the wettability- improving component formed 
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previously, it is also effective in Step (b) to add 
the same surfactant as that used in Step (a) or a 
different surfactant to the image-fixing component. 
With respect to the amount of the image-fixing 
5 component applied, it is desirable that, for 

example, the overall number of charges of the metal 
ion should amount to at least once as much as the 
overall number of charges of the ion having the 
opposite polarity in the color ink. To do so, it is 

10 only necessary to use an aqueous solution of one of 
the above -described metal salts having a 
concentration of about 10 % by mass. The coating 
layer in a thin film sufficiently functions. As the 
coating device 4 that is an applying means, a 

15 device using a roll coater is illustrated in FIG. 1. 
However, the present invention is not limited 
thereto. Such a coating device as described in the 
previous Step (a) is preferably used. As for a 
coated state, it is not essential to take a two- 

20 layer structure completely separated from the 

wettability- improving component formed previously. 
Some mixing of the components at a boundary layer 
does not become a factor that lowers the effect. 
In order to improve transferability and 

25 fastness properties of an image finally formed, a 

resin component may also be added. A water-soluble 
resin or water-soluble crosslinking agent may also 
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be added- No limitation is imposed on a material 
used so far as it can coexist with the image-fixing 
component. In particular, when a highly-reactive 
metal salt is used as the image-fixing component, 
5 PVA, PVP or the like is preferably used as the 
water-soluble resin. As the water-soluble 
crosslinking agent, is preferably used oxazoline or 
carbodiimide capable of reacting with a carboxylic 
acid that is preferably used for dispersing a 

10 coloring material in an ink. Further, alysine or 
the like is a material capable of comparatively 
reconciling both fixing of an image and fastness 
properties of the image with each other. 
3. Step (c): Step of ejecting an ink on the 

15 intermediate transfer medium to form an ink 

image 

In Step (c), an ink is ejected from an ink- jet 
recording head of the ink- jet recording apparatus 5 
on the intermediate transfer medium, to which both 

20 wettability-improving component and image-fixing 
component have been applied, to form an ink image 
on the intermediate transfer medium. The reason why 
the ink- jet recording head is used as an image 
forming means in the present invention is that it 

25 is technically of non-contact recording in addition 
to the fact that it is a non-plate system. Even 
when the image-fixing component can be uniformly 
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applied, it is difficult to apply the ink to the 
surface of the transfer medium high in 
releasability by any method of a contact system. 
No particular limitation is imposed on the 
5 ink- jet recording system used, and an apparatus of 
a bubble- jet system, piezoelectric system or 
continuous system may be suitably selected for use. 
As the ink- jet head used, may be used either a line 
head or a serial head. 

10 No particular limitation is imposed on the ink 

used in Step (c), and a water-based ink containing 
a general dye or pigment and an aqueous liquid 
medium for dissolving or dispersing this dye or 
pigment may be preferably used. When only the 

15 effect in printing is intended to be achieved, it 
goes without saying that the ink may be colorless. 
In particular, a pigment ink can provide a recorded 
image good in fastness properties, and moreover 
provide a particularly good image when a metal ion 

20 is used as the image-fixing component. 

Specific examples of the dye used include C.I. 
Direct Blue 6, 8, 22, 34, 70, 71, 76, 78, 86, 142 
and 199; C.I. Acid Blue 9, 22, 40, 59, 93, 102, 104, 
117, 120, 167 and 229; C.I. Direct Red 1, 4, 17, 28, 

25 83 and 227; C.I. Acid Red 1, 4, 8, 13 # 14, 15, 18, 
21, 26, 35, 37, 249, 257 and 289; C.I. Direct 
Yellow 12, 24, 26, 86, 98, 132 and 142; C.I. Acid 
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Yellow 1, 3, 4, 7, 11, 12, 13, 14, 19, 23, 25, 34, 
44 and 71; C.I. Food Black 1 and 2; and C.I. Acid 
Black 2, 7, 24, 26, 31, 52, 112 and 118. 

Examples of the pigment include C.I. Pigment 
5 Blue 1, 2, 3, 15:3, 16 and 22; C.I. Pigment Red 5, 
7, 12, 48(Ca), 48(Mn), 57(Ca), 112 and 122; C.I. 
Pigment Yellow 1, 2, 3, 13, 16 and 83; Carbon Black 
Nos. 2300, 900, 33, 40 and 52, MA7 , MA8 and MCF88 
(all, products of Mitsubishi Chemical Industries 

10 Limited) ; RAVEN 1255 (product of Columbian Carbon 
Japan Limited); REGAL 330R, REGAL 660R and MOGUL 
(all, products of Cabot Co.); and Color Black FW1 , 
Color Black FW18, Color Black S170, Color Black 
S150 and Printex 35 (all, products of Degussa AG). 

15 These pigments are not limited by the form 

thereof, and all pigments of, for example, the 
self -dispersing type, resin-dispersing type and 
microcapsule type may be used. As a pigment 
dispersant used at that time, may be preferably 

20 used a dispersing resin that is soluble in water 
and has a weight average molecular weight ranging 
from 1,000 to 15,000. Specific examples thereof 
include vinyl type water-soluble resins, block 
copolymers and random copolymers composed of at 

25 least two monomers selected from styrene and 
derivatives thereof, vinylnaphthalene and 
derivatives thereof, aliphatic alcohol esters of 
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a , (3-ethylenically unsaturated carboxylic acids, 
acrylic acid and derivatives thereof, maleic acid 
and derivatives thereof, itaconic acid and 
derivatives thereof, and furaaric acid and 
derivatives thereof, and salts of these copolymers. 

In order to improve fastness properties of an 
image finally formed, a water-soluble resin or 
water-soluble crosslinking agent may also be added. 
No limitation is imposed on a material used so far 
as it can coexist with ink components. Any of the 
dispersing resin described above is preferably used 
as the water-soluble resin. As the water-soluble 
crosslinking agent, oxazoline or carbodiimide that 
is slow in reactivity is preferably used from the 
viewpoint of stability of an ink prepared. 

An organic solvent may be contained in the 
aqueous liquid medium making up the ink together 
with the coloring material described above. The 
amount of this organic solvent becomes an important 
factor for determining the physical properties of 
the ink upon the transfer of the image because in 
the image forming process according to the present 
invention, the ink at the time it is transferred 
from the intermediate transfer medium to the 
recording medium is composed of almost only the 
coloring material and a high-boiling organic 
solvent. As the organic solvent used, such a water- 
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soluble solvent as described below is suitably used. 

Examples of the water-soluble organic solvent 
include polyethylene glycol, polypropylene glycol, 
ethylene glycol, propylene glycol, butylenes glycol, 
5 triethylene glycol, thiodiglycol , hexylene glycol, 

diethylene glycol, ethylene glycol monomethyl ether, 
diethylene glycol monomethyl ether and glycerol. At 
least two solvents may also be selected for use in 
combination from among these. An alcohol such as 

10 ethyl alcohol or isopropyl alcohol, or a surfactant 
may also be added into the ink as a component for 
adjusting viscosity, surface tension and the like. 

No limitation is also imposed on the mixing 
ratio of the components making up the ink. The 

15 ratio may be suitably adjusted within limits 

capable of being ejected according to an ink- jet 
recording system selected, ejection power of a head, 
a nozzle diameter and the like. In general, an ink 
prepared so as to contain 0.1 to 10% of the 

20 coloring material, 0.1 to 20% of the resin 

component, 5 to 40% of the solvent and 0.01 to 5% 
of the surfactant and the balance of purified water 
(all, based on the mass) may be used. 

When the ink is ejected on the surface of the 

25 intermediate transfer medium, an image can be 

generally formed without problems so far as the 
coating layers of the wettability- improving 
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component and image -fixing component formed 
previously in Steps (a) and (b) are thin. However, 
in some cases, the ink may be ejected after a 
drying step is conducted prior to Step (c) to 
5 sufficiently dry the above-described components. 
Upon the formation of an image, the ink is ejected 
taking the reversal of the image by transfer into 
consideration. In other words, the ink is ejected 
so as to form a mirror image obtained by mirror- 

10 reversing an image to be formed on the recording 
medium that is an objective to be transferred. 
4. Step (d): Step of transferring the ink image 

formed on the intermediate transfer medium to 
the recording medium 9 

15 The recording medium 9 is brought into contact 

with the image -forming surface of the intermediate 
transfer medium 1 with the press roller 10 to 
receive the ink. According to the first embodiment 
of the process of the present invention, the ink 

20 has a sufficiently high viscosity on the 

intermediate transfer medium 1 at this state, so 
that a good image can be formed even on a recording 
medium such as printing paper little in ink 
absorbing quantity or a film having no ink 

2 5 absorbency. 

It is however considered that the amount of 
water in the ink may not be reduced to a water 
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quantity allowed by the recording medium by natural 
evaporation when the time from the formation of the 
ink image in Step (c) to the transfer in Step (d) 
is extremely short . Taking such a case into 
5 consideration, it is desirable that the device 7 
for facilitating the removal of water is arranged 
between the formation of the ink image and the 
transfer as illustrated in FIG. 1 to facilitate the 
removal of water in the ink by such a device. As 

10 the means for facilitating the removal of water, it 
is effective to, for example, blow the image-formed 
surface, heat it or bring a heated roller 8 into 
contact with the intermediate transfer medium 1 
from the back side thereof as illustrated in FIG. 1. 

15 When the time from Step (c) to Step (d) is 

extremely long, it is desirable to use a means for 
preventing the evaporation of the solvent in the 
ink or adjust the volatility of the solvent in the 
ink . 

20 In the image forming apparatus according to 

the first embodiment of the present invention, a 
means for facilitating the fixing of the image 
formed on the recording medium may be provided. The 
recorded image comes to have excellent surface 

25 smoothness by pressing the recording medium by 
means of a f ixing-f acilitating device such as 
fixing rollers 11 illustrated in FIG. 1. Further, 
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the fixing rollers 11 may be heated in order for a 
print to have good fastness properties in a moment. 

In the apparatus illustrated in FIG, 1, the 
intermediate transfer medium after the ink image is 
5 transferred is cleaned by a cleaning unit 12 

subsequently arranged for the purpose of receiving 
the next image. As the cleaning means, washing with 
water or wiping is basically used, and it is 
desirable to directly clean the intermediate 
10 transfer medium by showering or contact with a 

water surface or use a means such as wiping of the 
surface with a wetted Moulton roller. It goes 
without saying that these means may be used in 
combination . 

15 As necessary, it is further effective to bring 

a dry Moulton roller into contact with the surface 
of the - intermediate transfer medium or blow the 
surface after the cleaning, thereby drying the 
surface thereof. The cleaning is effectively 

20 conducted with the wettability- improving component 
according to the ink used. In such a case, the 
coating device 3 for applying the wettability- 
improving component as described above functious as 
a cleaning means . 

25 Although the respective steps have been 

described above, the technical feature in the first 
embodiment of the present invention is abstracted 
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by the fact that the image-fixing component can be 
uniformly applied to the surface of the 
intermediate transfer medium, or the image-fixing 
component can be held at a desired position on the 
5 surface of the intermediate transfer medium. The 
proposal that a component (image-fixing component) 
capable of fixing the ink image is applied to the 
surface of the intermediate transfer medium, 
thereby preventing disorder (beading, bleeding or 

10 the like) of an ink image on the intermediate 

transfer medium has been made in the past (see, for 
example, Japanese Patent Registration No. 2916864). 
Since the image-fixing component itself cannot be 
uniformly applied to the intermediate transfer 

15 medium by these proposals, or the image-fixing 

component cannot be held at the desired position of 
the surface of the intermediate transfer medium, 
deterioration of the ink image cannot be prevented. 
In order to uniformly apply the image-fixing 

20 component in the prior art, only to use a material 
extremely good in wettability as the intermediate 
transfer medium has been considered. However, the 
material good in wettability has high surface 
energy, so that the ink image is crusted through 

25 the image-fixing component to make it impossible to 
transfer the ink image. Alternatively, the system 
becomes low in transfer rate even if the ink image 
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is not crusted. When the transfer rate is low, a 
greater amount of the ink must be applied to the 
intermediate transfer medium for the purpose of 
achieving a necessary image density on the 
5 recording medium. Increase in the amount of the ink 
applied and lowering of the transfer rate bring 
about the following adverse influences: 
1) Increase in bleeding and beading: 

Both bleeding and beading are caused by 

10 contact of ink droplets with each other. When the 
amount of the ink applied to the intermediate 
transfer medium is increased, the probability of 
bringing the ink droplets into contact with each 
other is also increased. 

15 2) Increase in amount of water vaporized: 

When the amount of the ink per surface area on 
the intermediate transfer medium is increased, the 
time and energy required to remove water are 
increased, which leads to a large-scaled apparatus. 

20 3) Deterioration of dot gain upon transfer: 
The more the amount of the ink on the 
intermediate transfer medium, the dot diameter is 
more greatly collapsed by pressure upon the 
transfer, which forms the cause that resolution is 

2 5 lowered. 

4) Increase in load upon cleaning: 

The more the amount of the ink remaining on 
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the surface of the intermediate transfer medium 
after the transfer, cleaning becomes more difficult, 
which leads to a large-scaled apparatus. 
5) Lowering of use efficiency of ink: 
5 The proportion of the ink used in the 

formation of an image is lowered, so that running 
cost becomes high, and moreover waste is also 
increased. 

The low transfer rate is not preferable 

10 because various disadvantages are caused as 

described above. Accordingly, it is desirable that 
a high transfer rate can be realized. In order to 
improve the transfer rate, it is necessary to use 
an intermediate transfer medium having a surface of 

15 a releasable material low in surface energy or a 

non-absorbent material. However, the image-fixing 
component is repelled on the surface of the 
intermediate transfer medium by only applying the 
image- fixing component without conducting any 

20 treatment. 

With the foregoing circumstances in view, 
these problems can be solved so far as a technique, 
by which the image -fixing component can be 
uniformly applied to the intermediate transfer 

25 medium having the surface of the releasable 

material or non- absorbent material, or a technique, 
by which the image- fixing component can be held at 
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a desired position on the intermediate transfer 
medium having the surface of the releasable 
material or non-absorbent material, can be 
established. 

5 According to the image forming process in the 

first embodiment of the present invention, the 
wettability- improving component for improving the 
wettability of the surface of the intermediate 
transfer medium is applied to the surface of the 

10 intermediate transfer medium prior to the 

application of the image- fixing component to the 
intermediate transfer medium having the surface of 
the releasable material or non-absorbent material, 
so that the image-fixing component can be uniformly 

15 applied to the intermediate transfer medium, or 

image-fixing component can be held at the desired 
position on the intermediate transfer medium. As a 
result, a high-quality ink image can be formed on 
the intermediate transfer medium, and moreover this 

20 ink image can be transferred to a recording medium 
at a high transfer rate. Accordingly, a high- 
quality image can be efficiently formed 
irrespective of the absorbing property of the 
recording medium that is an objective to be 

25 transferred. 

The present invention will hereinafter be 
described specifically by the following EXAMPLES 
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and COMPARATIVE EXAMPLES. Incidentally, all 
designations of "part" or "parts" and " %" as will 
be used in the following examples mean part or 
parts by mass and % by mass unless expressly noted. 
5 EXAMPLE 1: 

An image-recording system of this example 
will hereinafter be described by steps. 

(a) Application of wettability- improving component: 

In this example, an aluminum drum coated with 
10 a silicone rubber (KE12, trade name, product of 

Shinetsu Kagaku Co., Ltd.) having a rubber hardness 

of 40° in a thickness of 0.5 mm was used as the 
intermediate transfer medium. A fluorocarbon type 
surfactant (FTERGENT FT- 4 00, trade name, product of 
15 NEOS Company Limited) was first applied to the 

surface of the intermediate transfer medium by a 
roll coater. 

(b) Application of image-fixing component: 

A 10% aqueous solution of aluminum chloride 
20 hexahydrate was then applied by a roll coater. 

(c) Formation of ink image: 

A character image mirror-reversed was formed 
on the intermediate transfer medium, to the surface 
of which the above components had been applied in 
25 Steps (a) and (b), by means of an ink- jet recording 
apparatus (nozzle density: 1200 dpi; ejection 
quantity: 4 pi; drive frequency: 8 kHz). The ink 
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used had the following composition. At this time, 
no beading was caused at the point of time the 
recorded image was formed on the intermediate 
transfer medium. 
5 Pigment (Carbon Black MCF88 , trade 

name, product of Mitsubishi Kagaku 
Co. , Ltd. ) 5 parts 

Styrene- acrylic acid- ethyl acrylate 
terpolymer (acid value: 240, weight 
10 average molecular weight: 5,000) 1 part 

Glycerol 10 parts 

Ethylene glycol 5 parts 

Surfactant (Acetylenol EH, trade 1 part 
name, product of Kawaken Fine 
15 Chemicals Co., Ltd.) 

Ion-exchanged water 78 parts, 

(d) Transfer: 

The intermediate transfer medium after a 
series of the steps was brought into contact with 
20 surface-coated printing paper (Npi Coat, trade name, 
product of Nippon Paper Co., Ltd.; ream weight: 
40.5 kg) having low ink absorbency by a press 
roller to transfer the recorded image on the 
intermediate transfer medium to the paper. At this 
25 time, no beading was observed in the image on the 
printing paper, and good character quality was 
achieved. The ink scarcely remained on the surface 
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of the intermediate transfer medium after the 
transfer, and no adverse influence was observed 
even when the next image was received thereon. 
EXAMPLE 2: 

5 An image -recording system of this example 

will hereinafter be described by steps. 

(a) Application of wettability- improving component: 

In this example, an aluminum drum coated with 
a silicone rubber (KE30, trade name, product of 
10 Shinetsu Kagaku Co., Ltd.) having a rubber hardness 

of 60° in a thickness of 0.5 mm was used as the 
intermediate transfer medium. A fluorocarbon type 
surfactant (SURFLON S-141, trade name, product of 
SEIMI CHEMICAL Co. Ltd.) was first applied to the 
15 surface of the intermediate transfer medium by a 
roll coater. 

(b) Application of image-fixing component: 

The following aqueous solution was then 
applied by a roll coater. 
20 Calcium chloride dihydrate 10 parts 

Fluorocarbon type surfactant 

(SURFLON S-141, trade name, product 
of SEIMI CHEMICAL Co. Ltd.) 1 part 

Crosslinking agent (Carbodilite V-02, 
25 Trade name, product of Nisshinbo 

Co. Ltd. ) 1 part 

Ion-exchanged water 88 parts. 
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(c) Formation of ink image: 

A character image mirror-reversed was formed 
with four color inks on the intermediate transfer 
medium, to the surface of which the above 
5 components had been applied in Steps (a) and (b), 
by means of an ink- jet recording apparatus (nozzle 
density: 1200 dpi; ejection quantity: 4 pi; drive 
frequency: 8 kHz). The inks used respectively had 
the following compositions- At this time, neither 
10 beading nor bleeding was caused at the point of 
time the recorded image was formed on the 
intermediate transfer medium. 

Each of the following pigments 5 parts 

Black: carbon black (MCF88, trade 
15 name, product of Mitsubishi Kagaku 

Co . , Ltd. ) 

Cyan: Pigment Blue 5 
Magenta: Pigment Red 7 
Yellow: Pigment Yellow 74 
20 Styrene- acrylic acid-ethyl acrylate 

terpolymer (acid value: 240, weight 
average molecular weight: 5,000) 1 part 
Glycerol 10 parts 

Ethylene glycol 5 parts 

25 Surfactant (Acetylenol EH, trade 

name , product of Kawaken Fine 
Chemicals Co., Ltd.) 1 part 
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Ion-exchanged water 78 parts, 

(d) Transfer: 

The recorded image surface on the 
intermediate transfer medium was first blown by 
5 means of an air blower arranged between the ink- jet 
recording apparatus and a press roll. This 
intermediate transfer medium was then brought into 
contact with surface-coated printing paper (Npi 
Coat, trade name, product of Nippon Paper Co., 

10 Ltd.; ream weight: 40.5 kg) having low ink 

absorbency by the press roller to transfer the 
recorded image to the paper. As a result, neither 
beading nor bleeding was observed in the image on 
the printing paper, and good image quality was 

15 achieved. The rub-off resistance of the recorded 
image was improved with time, and the image was 
completely fixed after 12 hours. 

The slightly remaining inks on the 
intermediate transfer medium were then removed by 

20 bringing a wetted Moulton roller into contact with 
the transfer medium. 
EXAMPLE 3: 

An image-recording system of this example 
will hereinafter be described by steps. 
25 (a) Application of wettability-improving component: 
In this example, an aluminum drum coated with 
a silicone rubber (KE24, trade name, product of 
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Shinetsu Kagaku Co. , Ltd. ) having a rubber hardness 

of 80° in a thickness of 0.5 nun was used as the 
intermediate transfer medium. A silicone type 
surfactant (SILWET L77, trade name, product of 
5 Nippon Unicar Co. Ltd.) was first applied to the 
surface of the intermediate transfer medium by a 
roll coater. 

(b) Application of image-fixing component: 

A 5% aqueous solution of a high-molecular 
10 coagulant (C57 7S, trade name, product of Mitsui 
Scitech Co., Ltd.) was then applied by a roll 
coater. 

(c) Formation of ink image: 

A character image mirror-reversed was formed 
15 with four color inks on the intermediate transfer 
medium, to the surface of which the above 
components had been applied in Steps (a) and (b), 
by means of an ink-jet recording apparatus (nozzle 
density: 1200 dpi; ejection quantity: 4 pi; drive 
20 frequency: 8 kHz). The inks used respectively had 
the following compositions. At this time, no 
beading was caused at the point of time the 
recorded image was formed on the intermediate 
transfer medium. 
25 Each of the following dyes 4 parts 

Black: C.I. Food Black 2 
Cyan: C.I. Direct Blue 199 
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Magenta: C.I. Acid Red 289 



Yellow: C.I. Acid Yellow 23 



Glycerol 



10 parts 



Diethylene glycol 



5 parts 



Surfactant (Acetylenol EH, trade 



name, product of Kawaken Fine 



Chemicals Co., Ltd.) 



1 part 



Ion-exchanged water 



80 parts. 



10 



15 



20 



(d) Transfer: 

The recorded image surface on the 
intermediate transfer medium was first heated by 
means of an infrared heater arranged between the 
ink- jet recording apparatus and a press roll. This 
intermediate transfer medium was then brought into 
contact with surface-coated printing paper (Npi 
Coat, trade name, product of Nippon Paper Co., 
Ltd.; ream weight: 40.5 kg) having low ink 
absorbency by the press roller to transfer the 
recorded image to the paper. As a result, no 
beading was observed in the image on the printing 
paper, and good image quality was achieved. 

The slightly remaining inks on the 
intermediate transfer medium were then removed by 
bringing a wetted Moulton roller into contact with 
the transfer medium. 
EXAMPLE 4: 



An image-recording system of this example 
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will hereinafter be described by steps. 

(a) Application of wettability- improving component: 

In this example, an aluminum drum coated with 
a fluororubber (AFLAS 150c, trade name, product of 
5 Asahi Glass Co., Ltd.) having a rubber hardness of 

30° in a thickness of 0.7 mm was used as the 
intermediate transfer medium. A solid fluorocarbon 
type surfactant (SURFLON SC101, trade name, product 
of SEIMI CHEMICAL Co. Ltd.) was first brought into 
10 contact with the surface of the intermediate 
transfer medium to apply it. 

(b) Application of image-fixing component: 

An image-fixing component according to the 
following formulation was then applied to only an 
15 image-forming portion by an ink- jet recording 
apparatus (nozzle density: 1200 dpi; ejection 
quantity: 4 pi; drive frequency: 1 kHz). 

Calcium chloride dihydrate 10 parts 

Glycerol 10 parts 

20 Diethylene glycol 5 parts 

Surfactant (Acetylenol EH, trade 
name, product of Kawaken Fine 
Chemicals Co., Ltd.) 1 part 

Ion-exchanged water 74 parts. 

2 5 (c) Formation of ink image: 

A character image mirror-reversed was formed 
with four color inks on the intermediate transfer 
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medium, to the surface of which the above 
components had been applied in Steps (a) and (b), 
by means of an ink- jet recording apparatus (nozzle 
density: 1200 dpi; ejection quantity: 4 pi; drive 
5 frequency: 1 kHz). The inks used respectively had 
the following compositions. At this time, no 
beading was caused at the point of time the 
recorded image was formed on the intermediate 
transfer medium. 
10 Each of the following dyes 4 parts 

Black: C.I. Food Black 2 
Cyan: C.I. Direct Blue 199 
Magenta: C.I. Acid Red 289 
Yellow: C.I. Acid Yellow 23 
15 Styrene-acrylic acid-ethyl acrylate 

terpolymer (acid value: 330, weight 
average molecular weight: 4,000) 6 parts 
Glycerol 5 parts 

Diethylene glycol 5 parts 

20 Surfactant (Acetylenol EH, trade 

name , product of Kawaken Fine 
Chemicals Co., Ltd.) 1 part 

Ion-exchanged water 79 parts, 

(d) Transfer: 
2 5 The recorded image surface on the 

intermediate transfer medium was first heated by 
means of an infrared heater arranged between the 
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ink- jet recording apparatus and a press roll. This 
intermediate transfer medium was then brought into 
contact with surface-coated printing paper (Npi 
Coat, trade name, product of Nippon Paper Co., 
5 Ltd.; ream weight: 40.5 kg) having low ink 

absorbency by the press roller to transfer the 
recorded image to the paper. A heated specular 

metal roller (surface temperature: 60°C) was then 
brought into contact under pressure with the image - 

10 recording surface to fix the image. As a result, no 
beading was observed in the image on the printing 
paper, and good image quality was achieved. The 
rub-off resistance right after output was also good. 
The slightly remaining inks on the 

15 intermediate transfer medium were then removed by 
bringing a wetted Moulton roller into contact with 
the transfer medium. 
COMPARATIVE EXAMPLE 1: 

Image recording was conducted in the same 

20 manner as in EXAMPLE 3 except that no ink 

wettability- improving component was applied to the 
intermediate transfer medium in EXAMPLE 3. As a 
result, an ink image on the intermediate transfer 
medium was warped, and an image on the printing 

25 paper after the transfer was also not sufficient. 
COMPARATIVE EXAMPLE 2: 

Image recording was conducted in the same 



52 



manner as in EXAMPLE 2 except that a butyl rubber 
having no releasability was used as a surface 
material for the intermediate transfer medium in 
EXAMPLE 2. As a result, ink about 1.5 times as much 
5 as the amount in EXAMPLE 2 was required to 

reproduce the image obtained in EXAMPLE 2, and the 
time required to remove water by air blowering from 
the formation of the image to the transfer was 1.7 
times as much as the time in EXAMPLE 2. The dot 

10 gain was somewhat great compared with the image 
obtained in EXAMPLE 2. 
[ Second Embodiment ] 

In the first embodiment, has been described 
the process of forming an ink image on a recording 

15 medium by transferring the ink image formed on an 
intermediate transfer medium to the recording 
medium. In the second embodiment, a process of 
directly forming an ink image on a recording medium 
without using any intermediate transfer medium is 

20 described. 

The second embodiment is almost the same 
constitution as the first embodiment expect that no 
intermediate transfer medium is used. As 
illustrated in FIG. 2, an image is formed by using 

25 a coating device 3 for applying the wettability- 
improving component, a coating device 4 for 
applying the image-fixing component, an ink- jet 
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recording apparatus 5 for forming an ink image by 
ejecting an ink from an ink-jet recording head, a 
device 7 for facilitating removal of water and a 
heated roller 8. As the device 7 for facilitating 
5 removal of water, an air blower is used in this 

embodiment. The device 7 for facilitating removal 
of water and the heated roller 8 may be omitted. It 
is however preferable to use them. 

The process of the image formation conducted 

10 by using such an image forming apparatus as 

illustrated in FIG. 2 is as follows. A first 
material (wettability- improving component) for 
improving the wettability of a recording medium 9 
is first applied to the recording medium by the 

15 coating device 3. A second material (image-fixing 
component) for lowering the flowability of an ink 
is then applied to the recording medium to which 
the wettability- improving component has been 
applied. The wettability- improving component and 

20 image-fixing component applied to the recording 
medium 9 are dried by the air blower which is an 
example of the device 7 for facilitating removal of 
water and the heated roller. Thereafter, an ink is 
applied from the ink- jet recording apparatus 5 to 

25 apply ink dots 27 on to the recording medium, 

thereby forming an ink image. Lastly, the ink image 
formed is dried by the air blower which is an 
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example of the device 7 for facilitating removal of 
water. By the process described above, an ink image 
can be formed even on a recording medium (for 
example, non-absorbent recording medium) poor in 
ink- absorbing ability without using any 
intermediate transfer medium. 

According to the second embodiment, a high- 
quality image can be formed on various recording 
media irrespective of the ink-absorbing property of 
the recording media. 



